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A method and apparatus lo determine thermal accommodation coefficients 
axe described in which solid samples are vibrated at high velocity in the presence 
of a test gas at low pressure. Energy transfer between the incident gas molecules 
and the moving surface causes an increase in the solid temperature which is re- 
lated to, and approximately proportional directly to the thermal accommodation 
coefficient and inversely to the emissrvity. The apparatus may be used over 3 
wide range of temperatures and pressures in the long mean-free-path region with 
many types and forms of solid samples. Measurements as a function of pressure 
may yield information on internal energy accommodation, as well as translational 
accommodation, in favorable circumstances. Results at room temperature for 0 2 . 
N 2 , and Ar on uncoated and greased Pt, Ni, and Cu surfaces, and on carbon coated 
Pt are presented. 



1 . Introduction 

Thermal accommodation coefficients are of interest in areas such as aerospace 
materials technology, high altitude flight (drag coefficients) ( i ] , the efficiency of 
energy conversion devices, heat transfer computations, and gas— solid reaction kin- 
etics. Knudsen [2] introduced the thermal accommodation coefficient 7 as a mea- 
sure-of the average degree of thermal equilibration of gas atoms or molecules incid- 
ent upon, and subsequently emitted from, solid surfaces. In terms of energies 7 is 
defined by 

y -<£i-£r)/(£i-^s)> (0 

where the subscript I refers to incident molecules, R to reflected or reevaporated 
molecules, and S to molecules thermally equilibrated with the solid surface. Com- 
plete thermal equilibration of incident gas molecules with the solid surface, £ R = ^s» 
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yields 7 » 1 whereas no energy transfer between incident gas molecules and the 
solid sample £ R - £ t , yie]ds 7 = 0. 

Common means of measuring accommodation coefficients are Knudsen low 
pressure and temperature jump methods ( I 3 ] in which 7 is determined from the 
measured power loss to the gas from a hot filament axially mounted in a cylindrical 
vessel and maintained at a constant temperature by passing a small electric current 
through it. In the low pressure method the mean free path of the gas is Jong relative 
to the filament and cell dimensions and the entire body of gas may be considered to 
be at the temperature of the vessel wails. At the higher pressures used in the temper- 
ature jump method, typically 10 to 100Torr t thermal conduction from the filament 
to the vessel walls introduces temperature gradients in the gas. The total temperature 
drop between the filament and wall is considered to be divided into a temperature 
drop from filament to ambient gas (the temperature jump) and a drop through the 
gas. The theory by which accommodation coefficients are derived from temperature- 
jump measurements is somewhat precarious [1, 3 ,4). A calorimetnc method to ob- 
tain 7 was used by KJett and Irey [5] in which the rate of heat transfer by a gas be- 
tween two solid surfaces at different but constant temperatures is determined from 
:he evaporation rate of liquid nitrogen surrounding the lower temperature surface. 
Devienne [6] devised a method to measure the ratio of the translation^ accom- 
modation coefficient to the thermal emissivity e by mounting solid samples on the 
ends of a 1.25 meter arm which is rotated at high velocities. 

The present paper reports a new method for measuring thermal accommodation 
coefficients, development of which was motivated by the rotating arm method of 
Devienne [6]. In the present method values of y/e are determined from the increase 
in temperature of a solid sample when it is vibrated at high velocity in a stagnant 
test gas. The sample is mounted on the end of a velocity transformer attached to an 
ultrasonic transducer and is surrounded by a small furnance which fixes the initial 
temperature of the sample and of the test gas. Typical temperature increases ob- 
served with the apparatus described in this paper are on the order of 0.1 to 2 °. 
Measurements can be made over a wide range of pressures in the low pressure region 
where the mean free path in the gas is greater than, or on the order of, the interior 
dimensions of the furnace. The upper restriction to the experimental temperature 
is determined only by the thermal properties of the adhesive bonding the sample to 
the velocity transformer, the vapor pressure of the sample, and the ability to measure 
small temperature differences. These conditions become more restrictive at high tem- 
peratures both experimentally and theoretically, smce, for a given value of 7/e, the 
magnitude of the temperature increase of the vibrating sample decreases with increas- 
ing gas temperature at constant pressure. Solid samples may be polycrystalline, single 
crystal* amorphous, or waxy in state. They may be in the form of foils, wafers, or 
thin films. Adhesion of the sample to the velocity transformer is the only major ex- 
perimental difficulty. To ensure that the adhesive bond does not break under the very 
large accelerations, samples should be no thicker than 0.1 mm. The variety of solid 
samples which can be used is a major advantage of the method. The choice of mater- 
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